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The  ultrastructure  of the  Golgi complex has  now been  described  in  detail 
in a  variety of cells of vertebrates  (1-10)  and in a  few invertebrates  (11,  12). 
It is apparent  that  the  original description  of the  complex as consisting of a 
system  of smooth membranes,  small  granules  or vesicles,  and  large vacuoles 
(1) holds for many cell types, particularly those epithelial cells concerned pri- 
marily with absorptive and/or secretory activity (13). In certain cases the large 
vacuoles are greatly reduced in size or entirely absent  (10,  13).  The complex 
has been described in cells of the central nervous system and referred to as the 
"agranular reficulum"  (10). Evidence has also been presented which indicates 
that,  in  some  instances  at  least,  the  membranes  of the  ergastoplasm  (endo- 
plasmic reticulum) are in continuity with the membranes of the Golgi complex 
(14). 
A  comparison will be made of the ultrastructure  of the  Golgi complex in a 
series  of  cell  types,  one  primarily  secretory,  one  primarily  absorptive,  one 
thought to be both secretory and absorptive in function, and one in the proc- 
ess of differentiation.  It is suggested that the comparison demonstrates a basic 
and  characteristic  similarity  of ultrastructure  which  supports  the  concept  of 
the  complex  as  a  morphologic  entity  distinct  from  other  cell  components. 
It is felt that this is true even though the membranes of the complex and  of 
the ergastoplasm may at times be in continuity with one another.  In addition 
it  will  be  demonstrated  that  certain  components of the  Golgi complex react 
in a  markedly different way from other  intracellular  structures  on secondary 
treatment with osmic acid. 
Materials and Methods 
Either DBA/2 or Call male mice fed ad libitum on Purina laboratory chow pellets provided 
the mammalian tissues studied.  The spermatid  material  from Hdix aspersa and Lumbricus 
terrestris was provided by J. B. Gatenby, Trinity College, Dublin. 
Tissues were fixed either  in  chrome-osmium  (15) or veronal-acetate-buffered  osmium 
tetroxide  (16). For impregnation of the Golgi complex, tissues were fixed for 1 hour in ver- 
nonal-acetate-buffered  osmium tetroxide  (pH 7.2), rinsed briefly in tap or distilled water to 
remove the buffer, and transferred  to 2 per cent aqueous osmic acid at 37°C. for from 20 to 
40 hours. After fixation and washing, the tissues were dehydrated  through the usual series of 
alcohols and embedded in a mixture  of 1 part methyl methacrylate  and 15 parts n-butyl 
methacrylate,  polymerization being completed with ultraviolet  light. Sections were cut on a 
Porter-Blum mierotome (17) and analyzed with an RCA model EMU-2C electron microscope. 
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RESULTS 
Improvements  in  sectioning  techniques  have  made  it  possible  to  obtain 
thinner sections and consequently higher resolution of postosmicated  tissues 
than were obtained in earlier studies. As a result a more accurate identification 
of reduced osmium in  relation to  the components of the  Golgi complex has 
been achieved. 
In exocrine cells of the pancreas (Fig. 1) the system of large vacuoles of the 
Golgi complex is arranged roughly in the form of a ring, the plane of the ring 
being perpendicular to the  proximo-distal axis of the  cell and being located 
just distal to the distal border of the nucleus. Whether these large vacuoles are 
separate entities or whether they interconnect to form a  tortuous canal can 
only be determined by the  study of many serial sections. The vacuoles are 
bounded by membranes which are approximately 80 A thick, at least twice as 
thick  as  the  membranes  of the  ergastoplasm  of the  same  cell.  Occasionally 
similar  membranes  are  found  inserted  between  two  adjacent  vacuoles  and 
when this occurs they are always found in pairs since they represent the pro- 
files of flattened sacs. Peripheral to the vacuoles, that is, between the vacuoles 
and the surrounding ergastoplasm, is a  layer of small vesicles which possesses 
electron-dense membranes surrounding less dense centers. The latter, however, 
are more electron-dense than the contents of the large vacuoles or the areas 
between  the  membranes  of  the  ergastoplasm.  It  should  be  noted  that  the 
ground cytoplasm in which the vacuoles, membranes,  and vesicles lie is con- 
tinuous with  the cytoplasm in which  the small  granules  (18)  of the ergasto- 
plasm,  mitochondria, and  the  zymogen  granules are  embedded.  Careful  in- 
spection of the area of cytoplasm where the  Golgi vesicles and ergastoplasm 
are in juxtaposition reveals that the small granules of the ergastoplasm show 
affinity only for the membranes of the ergastoplasm, not for the membranes 
of the Golgi vesicles (Fig. 1). 
On comparison of the above with a postosmicated specimen (Fig. 2) it can 
be seen that osmium tetroxide was reduced primarily within the small vesicles 
of the  Golgi complex. There is no evidence of reduced OsO4 in  the vacuoles 
nor  in  the  membranes  associated  with  them.  In  other  specimens,  reduced 
OsO4 has been found in  some of the  Golgi vacuoles but  this  is  a  relatively 
rare occurrence. The small granules of the ergastoplasm show some increase 
in density but obviously not to the same degree as in the Golgi vesicles. Thus 
in this cell type the small vesicles of the Golgi complex are primarily respon- 
sible for the blackened reticulum seen in  postosmicated specimens with  the 
light microscope. Other cell types in which  reduction of OsO4 occurs primarily 
in relation to the small vesicles are plasma cells and Paneth cells of the intes- 
tine. 
In the principal cells of the duodenum the large vacuoles of the Golgi com- 
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is usually located just distal to the nucleus. Again whether or not these are 
separate  vacuoles can  only be  determined by  examining serial  sections.  In 
section (Fig. 3)  the vacuoles appear to be arranged in two parallel rows with 
layers of double membranes,  each approximately  100  A  thick,  representing 
flattened sacs lying along their median borders.  Clusters of the small vesicles 
of the  Golgi complex are  intimately associated with  the  double membranes 
and sometimes show continuity with them. As in hepatic cells  (8),  the large 
vacuoles  sometimes  contain  clusters  of  osmiophilic  granules  approximately 
600  A  in  diameter.  Sections  of postosmicated  material  show  that  in  these 
cells, OsO4 is reduced within and at the margin of the large vacuoles (Fig. 4).  In 
this instance there is no evidence of reduction of OsO4 by either the double 
membranes or small vesicles but in other cases some of the small vesicles have 
been found to reduce OsO4. In this cell type then, reduction of OsO4 by the con- 
tents of the large vacuoles and a  variable proportion of the small vesicles is 
responsible for the blackened reticulum seen with the light microscope. 
Although occupying a  large proportion of the distal cytoplasm and being 
somewhat more complex, the organization of the Golgi complex of epithelial 
ceils  of  the  epididymis is  basically similar to  that  of principal  cells  of  the 
duodenum. All three components of the Golgi complex are more numerous and 
evidence of the dilation of flattened sacs into large vacuoles is frequently found 
(Fig. 5).  The width of the Golgi membranes in this case averages 100 A. On 
impregnation, OsO, is reduced within the large vacuoles and in the areas be- 
tween the double membranes which are in continuity with the lumina of the 
large vacuoles (Fig. 6).  Frequently in these cells many of the small vesicles 
reduce OsO4 also.  The very prominent  reticulum  seen with  the  light  micro- 
scope which represents the Golgi complex of epididymal cells  is thus formed 
primarily by the reduction of OsO4 in the large vacuoles and within the nar- 
row lumina of the flattened sacs. 
The variations found in the distribution of reduced OsO4 in the Golgi com- 
plex of these three cell types are fairly representative of the other vertebrate 
cell  types examined so far. In none of this material has reduced OsO4 been 
found to be associated with the membranes themselves. 
Spermatids of the earthworm possess  a  Golgi complex (dictyosome) which 
is basically similar to the Golgi complex of vertebrate cells. This is true at an 
early phase of differentiation of a  spermatid when there are multiple dictyo- 
somes (Fig. 7) or later when but one large dictyosome is present (Fig. 8). The 
system of paired  membranes representing flattened sacs is  particularly well 
developed, averaging 150 A in thickness, and the Golgi vesicles are intimately 
associated with their lateral margins (Fig. 8). So far no evidence has been found 
of anastomosis between separate pairs of membranes and the large vacuoles 
characteristic of the Golgi complex of many vertebrate cells are not present. 
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of the earthworm. In this instance it was sectioned very near the midline so 
that  its  classical  crescentic  form  is  apparent.  Its  paired  membranes  again 
show no evidence of anastomosis with one another and the individual mem- 
branes similarly measure approximately 150 A in thickness. 
DISCUSSION 
The reasons for the topographic specificity and relative speed of reaction of 
the OsO4 impregnation method used are not known. What is known is that no 
reaction occurs following fixation with chrome-osmium, nor when a  high con- 
centration of veronal-acetate buffer is retained in solution during the period of 
impregnation, nor when the original buffered fixative is removed by washing 
with 0.85 per cent NaC1 instead of with tap or distilled water. The possibility 
is suggested that the fixation in veronal-acetate-buffered osmium followed by 
washing in water results in the breaking of a loosely coupled lipoprotein com- 
plex which in turn makes available one or more reactive groups of the lipide 
moiety which are capable of reducing OsO4. Lipide is suspected as the reacting 
component since no reaction occurs if the tissue is transferred to 70 per cent 
alcohol and then returned to water. The use of this method in this study has 
not resulted in the development of any new evidence concerning the functional 
significance of the Golgi complex, but preliminary results of experiments deal- 
ing with absorptive and secretory phenomena suggest that it may be of some 
value in this connection. 
It is felt that in view of the results of the analysis of sections of impregnated 
and non-impregnated material which have demonstrated: (a) the lack of asso- 
ciation of the small granules of Palade with the vacuole and vesicle walls of the 
paired membranes of the complex; (b) the consistently characteristic structure 
of the complex in a variety of cell types; (c) the greater average thickness of the 
membranes when compared with those of the ergastoplasm; and (d) the topo- 
graphic specificity of the reduction of OsO4 in relation to  the complex, it  is 
reasonable to consider the Golgi complex a distinct morphologic entity and to 
classify it as one of the cytoplasmic organelles along with plasma membranes, 
mitochondria, ergastoplasm, and centrioles. Its designation as an organelle is 
not considered as being incompatible with the existence of an intimate rela- 
tionship between the complex and other cell components. Actually a  close as- 
sociation between the  Golgi complex on the one hand  and ergastoplasm and 
mitochondria on the other would be expected if an energy source is required in 
order for the former to function. The suggested homology between the Golgi 
complex of Metazoa and the contractile vacuole of lower forms has been empha- 
sized recently (11,  19) and it may be readily observed that many mitochondria 
are closely packed around the wall of the contractile vacuole of the amoeba. 
As in the functioning of a  contractile vacuole, the withdrawal of water from 
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volve the utilization of energy. Electron microscopic observations have demon- 
strated the direct involvement of the Golgi complex in the formation of the 
acrosome (5) and specific granules of cells of the anterior hypophysis (6).  An- 
other recent study has shown that the complex is actively concerned with the 
concentration and  segregation of lipide material absorbed  by principal  cells 
of the duodenum (20).  It is suggested therefore, that among the possible ac- 
tivities,  the  Golgi complex is concerned with  the  segregation or removal of 
water from maturing secretory products in certain cell types or from absorbed 
substances in others.  Such an interpretation would explain the presence of a 
highly  developed  Golgi  complex  in well  differentiated,  functioning  adeno- 
mas (6)  and the presence of an almost vestigial complex in anaplastic  tumor 
cells (13). 
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EXPLANATION OF PLATES 
M1 figures are electron micrographs, the first six of mouse tissue, the last lhree 
of invertebrate material. The line on each plate represents  1 micron. 
Arrow, Golgi membrane. 
E, ergastoplasm. 
D, dictyosome. 
GV, Golgi vacuole. 




PM, plasma membrane. 
V, Golgi vesicles. 
Z, zymogen granule. 
FI6. 1.  Portion of the Golgi zone of an exocrine cell of the pancreas showing the 
relationship  between  the  Golgi complex  and  other  cytoplasmic components.  The 
membranes bordering the flattened sacs, vacuoles, and vesicles average 80 A in thick- 
ness. The small granules of Palade are regularly associated with the membranes of the 
ergastoplasm but not with any of the membranes of the Golgi complex. At the upper 
right of the figure Golgi vesicles form a distinct layer between the Golgi vacuoles and 
the ergastoplasm. 2 hour chrome-Os04 fixation (pH  7.2).  Approximately X  49,000. 
FIG. 2.  An area similar to that shown in Fig. 1, but in this case the tissue was post- 
osmicated. It can be seen that the region corresponding to the layer of Golgi vesicles 
in Fig. 1 is heavily blackened. Some of the Palade granules have reduced OsO~ to a 
minor degree, others have not. None of the membranes in fl:c figure shows any black- 
ening. Veronal-acetate-buffered OsO4 fixation (pH  7.2)  followed by postosmication 
for 40 hours. Approximately X  49,000. THE JOURNAL OF 
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FIo. 3.  The Golgi zone of a principal cell on a villus of the duodenum. The nucleus 
is at the left and the free cell surface would be beyond the figure to the right. Two 
parallel rows of Golgi vacuoles are bounded medially by several layers of Golgi mem- 
branes which average 100 A in thickness. Between the two layers of membranes are 
a cluster of Golgi vesicles and two lipide droplets. At top center and less obviously else- 
where is a Golgi vacuole containing many lipide granules averaging 600 A in diameter. 
Numerous  Palade granules, many of them free in the matrix of the cytoplasm, are 
visible at various points around the periphery of the figure. Two mitochondria are 
present at  the  right.  2  hour  veronal-acetate-buffered OsO4 fixation  (pH  7.2).  Ap- 
proximately X  34,000. 
FIG. 4.  An area similar to that shown in Fig. 3 and similarly oriented, from post- 
osmicated material, shows the reduction of OsO4 in particulate form primarily in rela- 
tion to the Golgi vacuoles. Reduction of OsO4 has not occurred on the Golgi mem- 
branes or in the Golgi vesicles. Veronal-acetate-buffered Os04 fixation followed by 
postosmicatiQn for 20 hours. Approximately X  34,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
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(Dalton and Felix: Comparative stud),  of Golgi complex) PLATE 28 
Fio. 5.  Portion of the Golgi zone of an epithelial cell of the head of the epididymis. 
A  group of Golgi membranes is present just above the center of the figure. In this 
case arrows point to examples of the dilation of paired Golgi membranes into Golgi 
vacuoles. Golgi vesicles are present at the left of center and at the lower right of the 
figure. Ergastoplasm is visible at the extreme left and upper right. Golgi membranes 
in this case were found to average 100 A in width. 2 hour chrome-OsO4 fixation (pH 
7.2). Approximately X  49,000. 
FIo. 6.  A  region similar to that shown in Fig. 5 except that the tissue was post- 
osmicated. Reduced OsO4 fills the  Golgi vacuoles and  is found  between  the  Golgi 
membranes. Few Golgi vesicles have reduced the OsO4. Ergastoplasm has reduced the 
OsO4 to a  minor degree at the lower left and upper right. Veronal-acetate~buffered 
OsO~ fixation (pH  7.2)  followed by postosmication for 20 hours.  Approximately × 
49,000. THE  JOURNAL OF 
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FIG. 7.  Regions of the dictyosomes of an early spermatid  of Lumbricus showing 
six separate dictyosomes. Their structure is basically similar to the Golgi complex of 
vertebrate cells except that no Golgi vacuoles are present. The dictyosome at the top 
of the figure shows what appears  to be budding of Golgi vesicles from the paired 
membranes. There is no evidence of anastomosis between pairs of membranes which 
average  150 A  in thickness.  Mitochondria are present around the periphery of the 
figure.  24 hour chrome-OsO4  fixation (pH 7.2).  Approximately  X  54,000. THE  JOURNAL  OF 
BIOPHYSICAL  AND BIOCHEMICA~ 
CYTOLOGY 
PLATE  29 
VOL. 2 
(Dalton and Felix: Comparative study of Gotgi complex) PLATE 30 
Fro.  8.  The dictyosome of a late spermatid of Lumbricus. A portion of the nucleus 
is at the upper left and the basal portion of the developing tail is at the right margin 
of the cell.  There is  evidence of the budding of Golgi vesicles  from the peripheral 
margins of the paired  Golgi membranes.  Again the individual  membranes average 
150 A in thickness. 2 hour chrome-OsO4 fixation (pH 7.2). Approximately  X  59,000. 
Fro. 9.  Region of the dictyosome of a late spermatid  of Helix.  Four sperm tails 
are visible at the lower left. In this case the dictyosome was sectioned nearly vertically 
through its center so that its characteristic crescent shape is apparent.  Again Golgi 
vesicles  appear to be budding from the peripheral margins of the paired Golgi mem- 
branes. The individual membranes average approximately 100 A in thickness. 2 hour 
chrome-OsO, fixation  (pH  7.2).  Approximately  ×  59,000. THE JOURNAL OF 
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